271A, 590S, 591R and 627E (14, 18, 20) . Avian-origin PB2 with 627E were introduced into 50 North American SIVs more than 10 years ago, and this avian-like signature (i.e., 627E) remains 51 stable rather than changing to the mammalian-like signature (i.e., 627K) (8). The pH1N1 viruses 52 have circulated in humans for more than 2 years and have been transmitted to other animal 53 species (1, 3, 11, 15 ), yet almost all of the isolates still contain the avian-like signature 627E Figure 1B) . Similarly, the triple-mutated viruses grew to significantly lower 82 virus titers in human A549 cells than did the parental and double-mutated viruses ( Figure 1C ).
83
The single-mutated virus had lower virus titers at 24h and 36h post infection (pi), but a similar 84 titer at 48h pi when compared to the parental and double mutated viruses. In swine PK15 cells, 85 the parental virus grew to significantly higher titers than the triple mutated virus did ( Figure 1D ).
86
Significant differences were also observed between the single-and triple-mutated viruses at 12 87 and 36h pi, and between doubled-and triple-mutated viruses at 12 h pi. In conclusion, the triple-88 mutated virus replicates less efficiently in 3 different cell lines of human, canine and swine 89 origin when compared to the parental, single-and double-mutated viruses.
90
To determine the effect of single, double and triple substitutions in the TX98-PB2 on 91 replication and transcription rates of viral RNAs, the presence of viral vRNA, cRNA, and mRNA relative PB2 and PB1 amount was calculated and normalized using ratios to GAPDH. 
